Aim: This in vitro study evaluated the shear bond strength of a chemical resin cement to five adhesive systems in bovine dentin.
INTRODUCTION
The use of adhesive restorative materials has brought about a revolution in restorative procedures. In the early 1990s, the concept of selective enamel etching was replaced by total-etching of enamel and dentin. For this purpose, in fourth generation adhesive systems (three-step) or fifth generation (two-step) systems, the smear layer is removed by using acids and subsequently applying a solution of hydrophilic monomers dissolved in water, alcohol and/or acetone (primers) to the dentin, which increases the surface energy and facilitates penetration of the resin fluid, with or without load, forming an interdiffusion zone between the resin and dentin, the hybrid layer. 1 Recently, the numbers of steps and adhesive system application times have been reduced, consequently allowing a reduction in the number of errors in the application technique. These adhesive systems contain acid monomers that simultaneously etch and prepare the enamel and dentin (self-etch primer) without requiring complete smear layer removal. These adhesive systems involve two-step application (application of the self-etching primer and the adhesive, sixth generation adhesive systems) or single step (one-step self-etching, all-in-one, seventh generation adhesive systems). 1, 2 After application of the adhesive system to the dental substrate, the material is chemically polymerized (self-polymerized) by using light (light polymerization) or dual cure: Chemical and light polymerization, allowing direct or indirect tooth restoration to be performed. Light-polymerized resin composites have largely superseded the use of chemically polymerized composites in esthetic dental applications. They offer distinct advantages, such as improved storage stability, extended working time, increased degree of conversion, reduced air porosities caused by mixing and enhanced physical properties. However, in areas that are not easily penetrable by light, chemically polymerized resin composites are frequently used as core build-up materials or as luting agents for endodontic posts, crowns and bridges, inlays and onlays, and allows the dentist to better identify the demarcation line of the core build-up, especially when it is located subgingivally, because it is more opaque. 3 Sanares et al 4 verified lower bond strength values in chemically polymerized resin composite specimens in comparison with light-polymerized specimens, when fifth generation adhesive systems (Prime and Bond, OptiBond SOLO, Single Bond, One Step) were used. Tay et al 5, 6 found that there were incompatibilities between the chemically activated or dual polymerization (light and chemical) adhesive systems and resin composites.
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Therefore, the aim of this study was to evaluate in vitro the shear bond strength between bovine dentin, five adhesive systems, self-polymerized resin cement and one indirect restorative material. The null hypothesis tested was that the shear bond strength of composite resin cylinders cemented with self-polymerized resin cement does not depend on the adhesive system used.
MATERIALS AND METHODS
Dentin Surface Preparation
This study was approved by the Research Ethics Committee of the São José dos Campos Dental School, UNESP, São Paulo, Brazil (022/2006-PA/CEP). One hundred and three bovine teeth from approximately 3-year-old animals were used. The teeth were cleaned with manual instruments, immersed in distilled water and frozen at -18ºC until used, which did not exceed a period of 28 days. [7] [8] [9] Bovine teeth were chosen because they are easy to obtain, allow standardization regarding the dental substrate age and do not require disinfection or sterilization agents and storage mediums that may influence the bond strength results. 9 The crowns were separated from the roots with a carborundum disk 1 mm below the cement-enamel junction. Pulp tissues were removed from the teeth through the cervical orifices with the aid of a Hedströem file number 80 (Dentsply, Tulsa, Oklahoma, USA). On the lingual face of teeth, pulp chamber opening was done with a spherical diamond tip (#1014, KG Sorensen, São Paulo, São Paulo, Brazil) and thickness was standardized with a thickness meter (Bio-Art, Ribeirão Preto, São Paulo, Brazil) at 2 mm ± 0.1 mm. 10 After drying the apical and lingual openings were sealed with utility wax (Epoxiglass, Diadema, SP, Brazil) to prevent the penetrating of the acrylic resin (Clássico Produtos Odontológicos, Rio de Janeiro, RJ, Brazil) into the teeth during embedding. Flat superficial dentin surfaces were created by removing the buccal enamel by wet grinding the buccal surfaces parallel to long axis of the teeth on a polishing machine with 300 grit SiC paper (Buehler Ecomet V, Buehler Ltd, Lake Bluff, IL, USA). To create a smear layer as standardized as possible, the dentine surfaces were finished for 1 minute by wet grinding with grit 600 SiC paper, and were then randomly assigned to one of five adhesive systems.
11
A Mylar strip (3M, Campinas, São Paulo, Brazil) with a 3 mm hole was used as a spacer and template. It was placed on the flat buccal dentin to obtain a controlled surface area for bonding with a uniform adhesive thickness. 11 The bonding agents used in this study, and their compositions are listed in Table 2 shows the successive steps in each of the bonding procedures for bonding to dentin and luting agent, as prescribed by the manufacturer, and as they were used in the experiments. In control groups, four teeth each were treated with 37% phosphoric acid (Dentsply, Petrópolis, Rio de Janeiro, RJ, Brazil) or not, and no bonding system was applied.
Preparation of Composite Blocks to Bond to Dentin
Resilab Master composite (Wilcos do Brasil Ltd., Petrópolis, Rio de Janeiro, RJ, Brazil, Batch number: 089/04), shade A2 was placed in a teflon mold (height × diameter = 3 × 3 mm) and light polymerized with XL-3000 (3M ESPE, St Paul, MN, USA, 450 mW/cm 2 ) on each side for 40 seconds. After light polymerization the cylindrical composite block was removed and one of the flat surfaces (to be used as the bonding area) was sandblasted (Microetcher, 50 micromAl 2 O 3 ), ultrasonically cleaned in distilled water for 3 minutes and dried.
Bonding Procedure and Adhesive Evaluation
The C&B (Bisco Inc., Schaumburg, IL, USA) was selected because it can be subjected to self-polymerization. A modified parallelometer (Bio Art Equipamentos Odontológicos Ltda., São Carlos, SP, Brazil) was used to standardize the cementation procedure. A fixed horizontal arm was adapted to the parallelometer, the spring of the vertical movable portion was removed, and a flat tip was coupled to the vertical arm to maintain the disk to be cemented in position. 12 The weight of the vertical arm produced a constant static load of 300 gm applied for 5 minutes to standardize resin cement thickness, and cement excess was removed with a brush. The specimens were stored in distilled water at 37°C for 7 days. After the storage period, each specimen was tested, by being attached to a shear bond strength testing device and placed in a universal testing machine (Model DL 2000/1000; EMIC, São José dos Pinhais, Paraná, Brazil). Shear bond testing was conducted at a crosshead speed of 0.5 mm/min until failure occurred. The shear bond strength was determined by dividing the load at failure by the cross-sectional area of the bonded samples.
Statistical Analysis
Shear bond strength value was recorded in MPa and analyzed using Statistix statistical software package 8.0 (Analytical software, USA). One-way ANOVA and Tukey's test were used to identify statistical differences between pairs of means. Statistical significance was set at  = 0.05 for all tests. Table 3 shows the means and standard deviation of shear bond strength produced by the different experimental groups. ANOVA showed that significant differences were observed for the experimental groups (p < 0.05). Groups 1, 2 and 3 significantly presented the highest bond strengths. The lowest bond strengths were found in groups 4 and 5.
RESULTS
DISCUSSION
There are numerous methods available for evaluating the adhesion of dental materials to teeth. In vitro measurement of bond strength is the commonest method of evaluating the presence and extent or value of the adhesive bond. The shear bond strength test involves loading the adhesive surface in shear until fracture occurs. The advantage of this test method is that it is relatively simple with respect to specimen preparation, equipment required and test setup. 11, 13 In this study, shear bond strength test was used to screen for potentially large differences among the combinations of bonding agent and resin cement and thus the null hypotheses tested in this study had to be rejected. Although there is a lack of literature on the bond strength of adhesives used with resin luting cements, numerous studies have measured the bond strengths of bonding agents in combination with resin composite restorative materials. 2, 11, 13, 14 Adper Scotchbond Multi-Purpose (Group 1) was used as a control material in which the primer and adhesive are provided separately. Adper Single Bond (Group 2) and One Step (Group 3) were formulated with the primer and adhesive combined in one bottle. Light polymerized 1-bottle and 2-bottle variants from a single manufacturer yielded similar bond strength (Table 3) , which suggests that the bond strength between the bonding agent 
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and the resin cement cannot be attributed to the solvent (water or acetone, Table 1 ) or manner of delivering the bonding agent. Similar results were found by previous studies. 13, 15 Some combinations of bonding agent and resin cement yielded low bond strength (Table 3 ). The lowest bond strength values were recorded for the chemical or selfpolymerizing resin cement combined with the light polymerized Prompt L-Pop (Group 5). Recently, it has been shown that incompatibilities can occur when chemically polymerized composites are combined with adhesives containing acidic monomers. [3] [4] [5] [6] 16, 17 Bolhuis et al 3 verified
that the monomer used in the adhesive SE Bond is 10-methacryloyloxydecyl dihydrogen phosphate (MDP), which is an acidic monomer producing a pH of 1.8 in the adhesive liquid. This monomer will therefore also be present in the oxygen inhibition layer after the adhesive has been light polymerized. When the chemically polymerized composite is brought into contact with it, the tertiary amine in the composite, necessary for the activation of the benzoylperoxide initiator will be protonized and thereby be inactivated. This will affect the formation of starting radicals and thus the polymerization of the contact layer of the composite. 18 Moreover, starting radicals that did form in the composite contact layer will be converted into inactive peroxyradicals until all the air oxygen in the inhibition layer is consumed. 3 Tay and Pashley 19 verified that acidic resin monomers in Prompt L-Pop consist of methacrylated phosphoric acid mono and diesters, in which pH (1.0) is low enough to completely dissolve smear layer. In group 5, the incompatibility of components of different manufacturer's materials and chemical formulations (residual acidic resin monomers from bonding agent interacted with binary peroxide-amine catalytic components present in self-polymerizing resin cement) probably contributed to bond strengths observed in this study. Bolhuis et al 3 also verified that dual-polymerized adhesives with acid monomers are more favorable for combining with chemically polymerized composites. The authors verified that the dual polymerization adhesive (Photo Bond, Kuraray) contains a salt (sodium benzene sulfinate) which help to polymerize the acid monomers, probably by preventing the protonization of the amine. Salz et al 20 concluded that with a good adjustment of radical In these groups, no adhesive system was applied on the dentin surface so that the bond strength values of the cement on dentin with and without a smear layer could be verified. These results reinforced the hypotheses that there was incompatibility of the components of different materials (adhesive system/resinous cement) used in the present study, due to the differences in formulation, type of solvent, film thickness, degree of oxygen inhibition, proportion of hydrophilic to hydrophobic components and efficiency of the initiator system.
In future experiments with this set-up, the morphology of fractured surfaces will be studied by SEM to establish the factors in the adhesive layer in greater detail. Prudence in the combinations of bonding agents and resin cements is the first step in achieving predictable long-term clinical results.
CONCLUSION
The present study has shown that: (1) The bond strength of resin composite cylinders cemented with chemically activated resinous cement does depend on the adhesive system used; (2) Adper Single Bond, Adper Scotchbond Multi-Purpose and One Step presented the highest bond strength values; (3) Prompt L-Pop and Multi Bond Uno plus Duo presented the lowest bond strength values; (4) Fourth and fifth generation light polymerized bonding systems are indicated when self-polymerizing cement is used.
